Background and aims: Despite management guidelines advocating statin/ezetimibe use in very high cardiovascular risk (CV) conditions, adherence to this therapy is still suboptimal and LDL-C target attainment unsatisfactory. We aimed to investigate the level of adherence to statin/ezetimibe and LDL-C target achievement rates in an unselected very high CV risk population in primary care setting in Italy. Methods: We performed a retrospective population-based study using the Health Search IMS Health Longitudinal Patient Database (HSD), including adult patients at very high CV risk, newly treated with statin, ezetimibe or their combination, with 3 and 6 months of follow-up. Results: Although the large majority of patients had previous major CV events (99.9%), only 61% and 55.14% resulted adherent (Proportion of Days Covered, PDC80%) after 3 and 6 months, respectively. High adherence entailed almost a three times higher probability to reach the therapeutic LDL-C target (3 months: OR ¼ 2.26 [95% [CI]: 1.88 to 2.72]; 6-months: OR ¼ 2.74 [95% CI: 2.27 to 3.31]). The odds to treat to LDL-C target was greater for simvastatin-ezetimibe fixed combination, simvastatin, atorvastatin and rosuvastatin, in decreasing order. Finally, poor adherence was slightly more prevalent among patients treated with less effective statins, and at both low and maximal dosage regimens.
Introduction
Effective lipid-lowering therapy exerts a crucial role for both primary and secondary prevention of atherosclerotic cardiovascular diseases (ACVDs) in patients for whom lifestyle change alone has proven to be insufficient. The main European guidelines on ACVDs prevention in clinical practice recommend to modulate intensity of pharmacological intervention at the individual level, according to the overall cardiovascular (CV) risk [1] .
Thereby, for patients with very high CV risk, namely those with documented ACVD, diabetes mellitus with organ damage, moderate to severe chronic kidney disease, or a calculated 10-year ACVD risk 10% according to Systemic COronary Risk Estimation (SCORE) [2, 3] , the current treatment target advocated for low density lipoprotein cholesterol (LDL-C) is set at 70 mg/dL (1.81 mmol/L) or at a 50% reduction from relative baseline levels [4, 5] . These treatment targets for LDL-C are primarily based on results of a number of randomized clinical trials (RCTs) performed over the last two decades, which reported substantial clinical benefits in terms of risk reduction by this treat-to-target approach in various subgroups of patients at very high CV risk [6] . Among available lipid-lowering medications, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors (statins) have become the cornerstone of hypercholesterolemia treatment in both primary and secondary CV prevention, having shown substantial reductions of LDL-C strongly associated with better CV outcomes. Several major RCTs clearly demonstrated the efficacy of statin therapy with regard to the prevention of CV events in patients after acute coronary syndromes [7] stroke or TIA [8] , and in patients with stable coronary artery disease [9] , with a weighted average reduction in major vascular events of 24% per 1 mmol/L (38.7 mg/dl) reduction in LDL-C, with highly significant reductions in non-fatal myocardial infarction (27%) and in coronary death (20%) [6] . On top of statin therapy, additional effect on LDL-C lowering and CV outcomes improvement has been recently demonstrated with ezetimibe, (a selective cholesterol absorption inhibitor), in particular in patients with recent acute coronary syndrome [10] .
Despite these well-established major clinical benefits and the abundance of management guidelines advocating statin use in high CV risk conditions [11, 12] , the direct translation of trial results to clinical practice is still unsatisfactory [13] . In particular, high-dose statin therapy is frequently underused and LDL-C goals are not met in a substantial proportion of high CV risk patients [14e16] .
Suboptimal adherence to statins therapy is usually advocated as the main barrier to reach and maintain LDL-C targets [17] . Statins down-titration or discontinuation occurs more frequently among patients who did not tolerate the drug, especially after dose escalation. Several factors may contribute to statin intolerance [18] , including patient-related factors, drug-related factors (e.g. dose of administration, polarity of the compound, degradation pathways) and the concomitant use of other drugs, which may account for most of the muscle-related adverse events reported with statins [19] . However, in a significant proportion of patients, musclerelated statin-intolerance cannot be objectively documented by physicians and, therefore, it is frequently set as a psychosomatic disorder [20] . Inappropriate prescribing (e.g. choosing low potency statins when robust lipid lowering effect would be required) can also lead to perceived lack of therapy efficacy and thus suboptimal adherence.
Additionally, irrespective of patient compliance, poor physicians' attention to the different LDL-C reduction rates provided by different statins, and the concomitant presence of some comorbidities limiting the use of high-dose statins in some patients, may also account for failure in reaching LDL-C targets. Given the relevant implications for public health and subsequent economic impact of statin therapy efficacy, the present study aimed to investigate adherence to statin/ezetimibe treatment and LDL-C target achievement rates in a very high CV risk unselected population from primary care setting in Italy, by using the Health Search IMS Health Longitudinal Patient Database (HSD).
Patients and methods

Data source
We used data from the Italian HSD. This is a general practice database created for research purposes, including patients' demographic details that are linked, by an encrypted code, to clinical records, drug prescriptions, specialist referrals, hospital admissions and date of death. Clinical examinations, drug prescriptions and patients' diseases were coded using the National Health code system, the Anatomical Therapeutic Chemical (ATC) classification system and the International Classification of Diseases 9th Revision Clinical Modification (ICD9CM), respectively. From a network of about one-thousand general practitioners (GPs), who electronically register clinical patient data on a voluntary basis, we identified 700 GPs homogeneously distributed across Italy, covering a population of more than one million individuals, whose data collection fulfilled the "up-to standard" quality criteria. The validity of HSD data for epidemiological research is supported by a number of studies [21e24].
Study population
We selected a cohort of patients aged 18 years and treated with statins (ATC code: C10AA*), ezetimibe (ATC codes: C10AX09), ezetimibe-statins fixed combinations (ATC codes: C10BA02, C10BA05, C10BA06) or other fixed combinations including statins (ATC code: C10BA*), between January 1, 2001 and December 31, 2013. To be eligible, patients had to be classified at very high cardiovascular (CV) risk according to SCORE guidelines (i.e., primary prevention) or with a clinical history of stroke, ischemic cardiomyopathy, peripheral arteriopathy, diabetes with complications, or severe kidney failure (i.e., secondary prevention). Each patient was assessed using demographic and clinical information being registered before or on the index date. Patients in the selected cohort were followed until the occurrence of one of the following events: death from any cause, the 90 days of follow-up, end of data registration with their GP, or end of data availability (December 31, 2013). Those patients with less than 90-day follow-up were, therefore, excluded. In addition, we formed two further cohorts by using the same aforementioned criteria and extending follow-up to 180 and 365 days.
Outcomes definition
We operationally defined patients at target whether their level of LDL-C was lower than 70 mg/dL (1.81 mmol/L) during the six months following the end of follow-up. This cut-off value was based on current clinical guidelines [1] and the reimbursement criteria adopted by the Italian Medicines Agency (AIFA) through NOTA 13 [25] . In case of more LDL-C measurements, we adopted the highest recorded value to classify patients. If LDL-C was not registered, all the available measures of HDL cholesterol (HDL-C), total cholesterol (TC), and triglycerides being reported in the same year were used to derive LDL-C (mg/dl) according to the Friedewald formula: LDL-C ¼ [TC (mg/dl) e HDL (mg/dl)] e 1/5*triglycerides (mg/dl) [26] .
Exposure definition
We identified adherers and non-adherers to statins/ezetimibe using the Proportion of Days Covered (PDC). PDC is calculated by dividing the cumulative days of medication use by the length of follow-up. The duration of each prescription was gathered by dividing the total prescribed mgs of statin/ezetimibe for the related Prescribed Daily Dosage (PDD). Concerning overlapping prescriptions, patients were assumed to have refilled early and not completed the first prescription before starting the following prescription. A patient was, therefore, considered treated continuously if the duration of the interval between two prescriptions was within a time period shorter than 30 days. Otherwise, when medications were not taken continuously or were interrupted, a "grace period" of 30 days was added to the last presumed day of exposure. The grace period is an additional time covered by therapy, the duration of which depends on the pharmacological properties of the drug as well as by the prescription pattern in general practice. The adoption of a grace period also minimizes the potential bias of the unrecorded in-hospital use of medications. Poor adherence was defined as a PDC <80% [27].
Covariates
Variables pertaining to risk factors for dyslipidemia, as well as those identified as being potential confounders of the level of adherence-dyslipidemia association, were identified. With regard to patients lifestyle, we took into account the following variables: body mass index (BMI), considering the last BMI measurement during 12 months, before or at the entry date; smoking status, using the last available information to classify patients as nonsmoker, smoker or ex-smoker, before or at the entry date.
As far as the patients' history of cardiovascular diseases is concerned, we adjusted for the clinical history ischemic heart disease, ischemic/hemorrhagic stroke, peripheral vascular diseases, heart failure, hypertension, diabetes (with or without complications), chronic kidney impairment (moderate or severe), atrial fibrillation; familial hypercholesterolemia was recognized by means of the clinical criteria provided by the Dutch Lipid Clinic Network (DLCN) score [28] . We also reported the level of total cholesterol, high-and low-density lipoproteins, and levels of triglycerides. Finally, concomitant treatments, prescribed during the year preceding or at the index date, were also taken into account as potential confounders of the level of adherence. These medications include antihypertensive drugs, previous use of statins/ezetimibe, antidiabetic drugs and low-dose aspirin.
Data analysis
Variables were analyzed descriptively. In the primary analysis, univariate and multivariate logistic regressions were used to estimate the association between adherence or not to prescribed lipid lowering medications and achievement of LDL-C target below 70 mg/dl. In addition to age and sex, logistic regression was adjusted for the risk factors and confounders listed above. Odds ratios (ORs) and related 95% confidence intervals (CI) were given as measures of association. This multivariable analysis was re-run taking into account a follow-up period up to 180 and 365 days. In the secondary analysis, selected individual medications were entered in the models, assuming that those patients prescribed with the same drug for more than half (>45 days) of the follow-up period were categorized as individual users. For this analysis, we excluded patients exposed to lipid lowering drugs during the year before or at the index date. We also estimated proportions of patients not achieving the LDL-C target during the follow-up period with regard to different dosages of prescribed drugs. Finally, sensitivity analysis was performed to evaluate the effect of the inclusion of prevalent users on the results. For this purpose, we rerun the primary analysis having excluded those patients exposed to lipid lowering drugs before the index date. Table 1 shows baseline demographics and clinical features of patients who met the eligibility criteria (n ¼ 18423). Male gender was predominant (56%), with a mean age of 66.6 ± 0.4 years. The majority of patients were overweight as demonstrated by the mean body mass index (BMI), whereas only 0.54% of subjects had BMI<20. Proportion of current smokers was also substantial (nearly 8%), especially taking into account the very high CV risk of this selected population.
Results
This population was inclusive of patients with familial hypercholesterolemia defined as definite (12.5%), probable (0.46%) or possible (12.35%) according to DLCN diagnostic criteria. The large majority of this cohort was composed of patients who had previously experienced a major cardiovascular event (i.e. secondary prevention), defined as previous myocardial infarction (39.1%), previous coronary revascularization (3.46%), previous coronary artery by-pass graft (2.73%) or stroke (24.7%). With regard to the other clinical variables assigning a very high CV risk [3] , 37% and 2% of patients had complicated type 2 diabetes and severe chronic kidney disease, respectively. The whole cohort also included subjects affected by hypertension (34.9%), uncomplicated type 2 diabetes (8.6%), peripheral vascular disease (13.9%), atrial fibrillation (3.8%) and moderate renal failure (16.4%). At study entry, mean total cholesterol, LDL-C and HDL-C levels were 229.7 ± 1.2 mg/dl, 149.7 ± 0.8 mg/dl and 51.9 ± 0.3 mg/dl, respectively. Of note, only a small proportion of patients had been previously prescribed lipid lowering drugs prior to the index date (8.5%).
As shown in Table 2 , only 61% and 55.1% of subjects resulted adherent (PDC80%) to the prescribed lipid-lowering treatments after 3 and 6 months, respectively. As expected, treatment adherence entailed a greater probability to be 'at-target' compared with no adherence, as shown by the adjusted odds ratios at 3-(OR ¼ Table 3 shows the odds to treat to LDL-C target by the different lipid-lowering treatments (in case of adherence), which, as indicated by respective crude and adjusted ORs, was greater for simvastatin-ezetimibe fixed combination, simvastatin, atorvastatin and rosuvastatin, in decreasing order. In addition, mixed statin/ ezetimibe therapies (e.g. in patients who switched from the index treatment to another one during the follow-up period for whatever reason) showed a strong association, though not adjusted, with LDL-C goal achievement (crude OR 2.82; 95% CI: 1.3e6.1). Finally, as shown in Fig. 1 , adherent patients were mostly treated with moderate, rather than low or high dose statins, irrespective of the follow-up period. Indeed, the most used dosages were 20 mg for atorvastatin and simvastatin (the latter also in the fixed combination with ezetimibe) and 10 mg for rosuvastatin. Only less potent statins (pravastatin, fluvastatin and lovastatin) were used at their highest dosages (40 mg for pravastatin and lovastatin and 80 mg for fluvastatin) whereas the maximum daily dosage of rosuvastatin (40 mg) was never prescribed (Fig. 1) .
In the sensitivity analysis, when we limited the cohort to incident users, the results were consistent with those gathered in the primary analysis (Supplementary Table 1 ).
Discussion
To our knowledge, this is the first study estimating adherence to statin, ezetimibe or their combination treatments and LDL-C target achievement rates, in a representative sample of the Italian general population at very high CV risk. These findings showed that these patients do not frequently receive and maintain appropriate highintensity lipid lowering therapy in primary care.
Although low to moderate intensity statin therapy has been shown to be highly effective in the majority of patients [29] , highdose statins provide additional clinical benefits for secondary prevention of CV reoccurrence in those patients who have already experimented an acute event or are at very high clinical risk [30] . Nevertheless, widespread use of suboptimal-intensity lipid lowering therapy in high-risk populations has been already reported, attributable to a number of reasons essentially dealing with reduced adherence of patients to prescribed drugs and therapeutic inertia of physicians [31, 32] . Indeed, most patients included in our cohort were on low potency statins, frequently at low to moderate dosages, and combination therapy with statin-ezetimibe was also infrequently prescribed. That being said, non-adherence to prescribed drugs is an ongoing issue in the management of hypercholesterolemia [33] , as patients with established CVD who discontinue statins have been demonstrated to be at increased mortality risk compared with those who regularly assume the medications. In our very high-risk population, only 61% and 55.14% of subjects were adherent to statin therapy after 3 and 6 months from the first drug prescription, respectively, confirming that adherence to these medications is suboptimal even among patients who have already experienced a CV event [15] .
In clinical practice, underuse and discontinuation of medications for chronic diseases are common occurrence in most therapeutic areas. In our cohort, poor adherence was slightly more prevalent among patients treated with less potent (in terms of plasma LDL-C lowering effect) statin therapies, as well as in those at extreme (both minimal and maximal) dosage regimens. Therefore, the underlying reasons for lower adherence rates seem to range from perceived lack of therapeutic benefit (and, thus, inappropriate prescribing) to concerns about adverse effects or their real onset. High adherence to therapy entailed almost a three-time higher probability to reach the therapeutic LDL-C target as defined by the current European guidelines [1] . Nevertheless, approximately one fourth of the highly adherent cohort also failed to achieve adequate Table 2 Relationships between adherence to lipid lowering drugs and attainment of LDL-C targets as per the current guidelines, after three and six months of follow-up.
N (%)
OR ( a For all clinical features as reported in Table 1 .
Table 3
Relationships between adherence to different lipid lowering treatments and attainment of LDL-C targets after three months of follow-up.
N (%) OR (95% CI)
Crude Adjusted LDL-C reduction. In spite of high adherence to therapy, failure to achieve recommended LDL-C levels might be imputable to the use of moderate doses and low to standard efficacy statins [34] . After all, although resorting to high dose statin therapy in such hard clinical outcomes could be detrimental for patient adherence, due to a higher frequency of side effects, on the other hand, it is critical in terms of LDL-C target achievement. The proportions of 'not-attarget' patients almost invariably slightly decreased during followup, highlighting the positive impact of treatment duration on LDL-C advocated reduction. This study has several strengths. First, HSD is currently one of the largest general practice databases in Europe, which allowed us to adjust for a number of important confounders in a cohort of patients at very high CV risk and lipid-lowering drug users. Second, in the HSD, information on drug exposure is prospectively recorded, thus minimizing any recall bias. Third, the fact that we were able to identify patient's PDDs instead of DDDs (as used in claims databases), sensibly reduced exposure misclassification in light of the great heterogeneity in terms of prescribed doses for this medication class.
This study has limitations as well. First, the fact that HSD collects information about the writing instead of filling of prescriptions may have led to an underestimation of the associations. However, the relationships we found were statistically significant. Furthermore, we included very high-CV-risk patients, assuming that these drugs are actually taken by most of the patients. Second, the inclusion of prevalent users might have biased the results towards the null. Also in this case, we were able to capture statistically significant associations, and as we excluded the 8,5% of prevalent users from the cohort, our findings were expectedly in line with those obtained for the primary analysis.
In conclusion, our findings indicate a substantial underuse of statin therapy among patients at very high risk for CV events, for whom "aggressive" strategies targeted to reduce this risk are highly recommended. Concomitant overuse of moderate to low intensity statin therapy and general poor adherence to lipid lowering therapy result in a large number of patients who are inadequately protected from recurrent CV events. In this context, Italian health care system-based interventions aimed to improve awareness of this issue in both patients and physicians are highly necessary. Further, development and access to the market of new lipidlowering drugs, such as the new agents targeting proprotein convertase subtilisin/kexin type 9 (PCSK9), with the additional advantage of long-term bioavailability and simplified regimen of administration, could help improve medication adherence, optimize patient care and eventually improve clinical outcomes. interests.
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